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About this guide

This guide brings together eleven explainers from Legal Desire Forensics, written by our forensic science team and
contributors, on the techniques students and practitioners ask about most.

It moves from the crime scene (alternate light sources, clothing and fibre evidence) to the laboratory (glass, the comparison
microscope, fingerprints, questioned documents, diatoms) and on to newer methods such as gait analysis.

Use it for coursework and exam revision, or as a primer before an internship in a forensic lab. It is an educational resource,
not a laboratory protocol or legal advice.
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CHAPTER 1

Use of Alternate Light Source in Crime Scene
Investigation

By Swati Gupta - Originally published on legaldesire.com - https://legaldesire.com/use-of-alternate-light-source-in-crime-scene-investigation/

“The analysis can be no better than the sample analysed”

The above quote is The Principle of Analysis, one of the most formidable principles in Forensic Science. These principles lay
a guideline and set a standard which ensures the quality of work.

Over the past few decades, the process of investigation by policing agency has been levelled up by the help and support of
forensic science. From providing assistance in the collection of evidence to its accurate analysis, all of this has led to the
increase in professionalism. The importance of science and technology in policing is now been recognized worldwide.

Crime Scene Investigation is the systemic approach taken to investigate a crime scene. This process involves the use of both
scientific and investigative skills. A crime scene investigator is either police officer and/or forensic scientist. The investigator
is expected to have experience and expertise skills in creative thinking, application of scientific methods, strong logical
reasoning, etc.

When a crime occurs, it is very important to understand its nature and the motive of the criminal. A well-planned investigation
leads us to all these answers. The main aim of a crime scene investigation is:
» Recovery of evidence
« Reconstruction of scene of crime
o Determine the modus operandi
» Ascertain the sequence of events that may have led to the incident
Crimes can be solved only when a proper investigation has been conducted. Processing a crime scene involves certain
parameters like:
1. Secure and isolate the crime scene
2. Record the crime scene
3. Systematic search for evidence
4. Collecting and packaging of evidence
All these above steps involved in Crime Scene Investigation must not be considered dynamically. The most crucial step is

proper evidence collection & its documentation because it determines whether any analysis done by forensic scientist will be
a success or failure.

From a criminal’s point of view an ideal crime scene will usually be dark, deserted place with minimum surveillance. Such a
crime scene may cause it difficult for the investigating team to search efficiently. In such poorly lit crime scenes, the simple
visual search may not be sufficient. Thus, to ensure proper evidence collection it is very crucial to use proper lighting.

Depending on the crime scene’s location, the time of day, presence of natural light, etc. different types of lights are used. The
mostly common form of light is the visible light. It is generally used to conduct the forensic examination of either the crime
scene or the evidence procured from the crime scene.

Many times, it is observed that the stations or control room of the authorities are not very close to the scene of crime. Before
leaving for the search, the crime team must ensure that they have all the required things. It is the responsibility of the crime
scene investigator to get the details of the location and to interpret which type of light source would be required by the
investigating team.

With the developing technology, the criminals have also adapted accordingly. They have started using the help of many newly
developed methods which provide them a helping hand in eloping from the eyes of the authorities. This is indeed a nig
problem for the investigating agencies. One of the solutions to this problem is the use of Alternative Light Source.
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Alternate Light Source (ALS), is an effective, non-invasive, non-destructive, method used for analysing different types of
evidence. It helps in revealing hidden evidence and clues which may otherwise prove to be significant.

In general, an Alternate Light Source consists of light source and filter. The light source can be a laser light or an incandescent
bulb. ALS may either contain a single filter or a combination of filters. These filters allow only the selected wavelengths of
light to pass through them. An ALS may also consist of a device which is used to deliver the light from the source to the area
under examination. If the wavelength of light being used has a potential to be harmful, then an ALS system may also be
equipped with an appropriate viewing accessory like protective goggles.

The Developmental History of ALS has been very prompt. In the 1970s, the use of ALS in forensic was pioneered by the Royal
Canadian Mounted Police (RCMP). Their use of argon-ion lasers led to a whole new dimension in the field of forensic
analysis. As much as these techniques were useful, they also had certain drawbacks. These instruments were very expensive
and their bulky nature made it impossible for them to be used at the crime scene.

Fig.1- Use of ALS for examining the evidence in the laboratory CITATION Don1 116393 (Penven, n.d.)

The early 1980s, saw the rise of portable lasers. They could be easily taken to the crime scene. Despite its effective cost and
portability their use was restricted because these devices were available only in a single colour of light.

The 1990s saw the revolution in the forensic light industry. High-intensity incandescent lamps were now easily available.
These machines were sturdy and due to their light weight, they were very easy to carry around. They could be used to analyse
any physical evidence by passing the intense light beam through a particular filter. Filters ranging from visible blue, green,
yellow, and red were commonly used to enhance the quality of the otherwise invisible evidence.

At present the typical design of an ALS system consists of a wheel, which contains around six filters, which can be rotated as
per the need. Another design of ALS system makes use of a flexible fibre optic cable. This system is widely used when the
area to be searched is highly confined.

Fig.2- “Laser lights” by SandialLabs is licensed under CC BY-NC-ND 2.0

The Alternate Light Source is based on the basic Principle of Fluorescence. Certain materials have the inherent ability to
interact with monochromatic light radiations. They absorb a particular wavelength, and then emit a longer wavelength of light.
These help in locating and identifying the potential evidence.

When the monochromatic light of a particular colour and wavelength strikes an object, some of the energy gets absorbed and
the rest is used to excite the florescent active compound. The object then emits a monochromatic light of a different colour
and wavelength. Due to loss of some energy, the fluorescence emitted has less intensity than the light initially provided. This
emitted light can be detected by the help of certain filters because to visualise this less intensity radiation, it is essential to
block the light at all other wavelengths. Thereby, these filters aid in making the fluorescence light visible by passing only the
desired fluorescence.

Alternate Light Source finds high usage in crime scene investigation because it has the ability to locate the materials which
can be made to fluoresce, if given the corresponding radiation. Irrespective of the nature of the material on which the
evidence is present, the organic materials like biological evidences like body fluids, human remains, teeth, bones, etc. can very
easily detected by using ALS.

For instance, for the naked eye, it is next to impossible to detect a fingerprint. But with the assistance of ALS, a blue-green
light from a suitable light source can be allowed to fall on the suspected area. The organic material present in the fingerprint
will eventually start to give a yellow fluorescence. Thus, a fingerprint can be easily detected without the use of any chemical
powder or dye.

Different organic materials will have the tendency to interact with different wavelengths and thus other biological samples
can also be detected and analysed in the similar manner.

Fig.3- shirt as viewed in normal lighting (left) and a semen stain on the pocket (right), just under the logo, as seen using the
ALS CITATION ALT | 16393 (ALTERNATE LIGHT SOURCE, n.d.)

As different materials will emit different colour of light, it is now the skill of the investigator to correctly interpret the emitted
radiations. Other parameters to be taken care of are:
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« Wisely selecting the colour of the illuminating light. This will ensure maximum fluorescence comes from the evidence and
not from the supporting material

« The selection of the filter(s) is also very important as it will block all, except the desired wavelengths of the illuminating
light.
» To ensure that the selected filter does not block the wavelength of the emitted fluorescent light.

Applications of ALS are numerous. They help in narrowing down the area for sample collection. A number of physical
evidence types are known to fluoresce when exposed to ALS. These include:

» Body fluids

» Fibres

« Bone & teeth fragment

« Fingerprints, etc.

Bodly fluids can be detected using alternate light sources. Body fluids that can be detected include; saliva, blood, semen, urine

and vaginal secretions. The near-ultraviolet light radiations are used for identification of semen stains. Blood can be made to
glow by treating it with certain chemicals like Luminol. Stains of saliva and urine can be revealed by the use of UV ALS.

Fig.4- various stains on fabric from various biological fluids CITATION ALT | 16393 (ALTERNATE LIGHT SOURCE, n.d.)

Hair and fibre can be located with the help of ALS by using oblique light on a surface. This will help in revealing small
particles of hair and fibre, which can then be collected. In some cases, if the hair or fibre has been dyed there is a chance that
it will illuminate under UV light or blue light.

Analysis of Weapons like gun or knife can be done using ALS. They are made up of metals and when examined under normal
visible light they do not yield any information as such. But when viewed under green light and observed via an orange filter, it
is possible to locate fingerprints and palmprints present on the evidence.

Analysis of Trace evidence like gunshot residue, paint chips, crystals, etc. can be readily observed using the appropriate
illumination source. Due to their small size and quantity, it is very difficult to locate and then efficiently collect them. The
gunshot residue pattern can be analysed just by observing the pattern, eliminating the need to touch it. By using ALS at
different wavelengths, these particles uniquely interactwith the radiation and emit peculiar patterns. Thereby, allowing each
evidence to be detected uniquely.

Fig.5- “Day 130 — West Midlands Police — FSI — Forensic Scene Investigator” by West Midlands Police is licensed under CC
BY-SA 2.0

Bone & teeth fragment are made up of organic material. According to a recent research from brazil CITATION Ger17 116393
(Geraldo Elias Miranda, 2017), the study showed that the best combination to detect bone and tooth with ALS is a 455 nm
illumination with an orange filter. Under these conditions, the biological material had markedly higher fluorescence than the
inert material. This study had demonstrated that it was possible to not only detect but also to differentiate the bone and tooth
fragments when mixed with other debris.

Questioned document can be analysed for cases where messages are hidden using special inks which are visible under
varied limitation conditions. Such writings are classified as secret writings. In cases of forgery ALS comes to aid in
determining the difference between the inks used. Even the inks of a similar colour can be manufactured using different
chemical compounds. These slight variations in the ink can be seen when observed under visible light and then under infrared
light. A difference in their glow can be noted if the inks are of different compositions or if they are used at a sufficient interval
of time.

Fig.6- “Day 162 — West Midlands Police — Historic image of forensic investigator” by West Midlands Police is licensed
under CC BY-SA 2.0

Latent fingerprint pattern can be observed from almost any surface with the help of ALS as it enhances the contrast with the
help of suitable light source. ALS further helps by eliminating the need to lift the fingerprints by the traditional methods, which
were time consuming and not very efficient. Fingerprints can also be detected from textured backgrounds, which were
otherwise impossible to lift with the traditional methods. ALS enables the ridges to fluoresce with a higher intensity, which
can later be photographed.
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Fig.7- use of ALS for examining the fingerprints present on the glass surface CITATION For | 16393 (Forensic lighting
techniques: Understand the importance of lighting techniques in forensic science, n.d.)

Footprint impressions are one the most valuable and commonly found evidence. Whether the crime scene is of burglary, rape
or homicide, footprints can easily be tracked down. Illuminating the place with oblique lighting, the footwear impression along
with any tiny fibres, soil, gravel and other traces of evidence can be made visible.

Fig.8- “Day 53 — West Midlands Police Forensic Scene Investigators Lab” by West Midlands Police is licensed under CC BY-SA
20

Other forms of physical evidences, which do not undergo fluorescence, can now be made such by the use of certain
fluorescent chemicals. Alternative Light Source provides a highly efficient and practical approach in the field of crime scene
investigation. The following table give the wavelengths and their particular applications CITATION Chr | 16393 (Stoilovic).

The main challenge is to identify the combination of wavelength and filter that best detects the biological material and has
greater fluorescence when exposed to ALS. The user should have an understanding about tuning the wavelength selector. The
lack of experience to the investigators and the need of extensive research for specific materials should be addressed soon.
ALS can also be used to provide the appropriate lighting conditions and then special film can be used to photograph these
evidences.

The results obtained from the use of an ALS should only be considered as preliminary and must further be confirmed by
performing the appropriate lab tests. Currently, many branches of forensic science are researching on the uses and varied
applications of using an ALS. Some of these areas are;

o Detect bone and teeth from burned

» Detection of bruises under various light sources

o Detect latent blood stains from different fabrics

o Detect certain drugs

At present, the market is equipped with various types of ALS, each having a slight variation from the other. The nature and
seriousness of the crime should be the sole criteria for deciding which illumination technique should be applied. Thus, ALS
system are very useful and can be used in any imaginable field for the purpose of investigation.
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Frequently Asked Questions

What is an alternate light source (ALS)?

An ALS is an effective, non-invasive, non-destructive method for analyzing evidence, combining a light source with filters to
isolate wavelengths that make hidden evidence fluoresce.
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What evidence can an alternate light source detect?

ALS can identify biological materials like blood and saliva, fingerprints and palmprints, hair and fibers, bone and tooth
fragments, gunshot residue, and hidden writing on documents.

How does an alternate light source work?

It works on the principle of fluorescence: when monochromatic light strikes certain materials, they absorb energy and emit
light at a different wavelength, making otherwise invisible evidence visible.
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CHAPTER 2

Forensic analysis of glass evidence: Past, Present and
Future

By Vaishnavi Katakwar - Originally published on legaldesire.com - https://legaldesire.com/forensic-analysis-of-glass-evidence-past-present-and-
future/

Introduction

Glass is the most frequently occurring transfer evidence found at crime scenes. Generally, it is encountered in scenes
involving burglary, hit and run, shooting scenes and housebreaking and theft etc. Broken glass is easily transferred to objects
and individuals present at the scene of crime, thus it is possible to link a suspect to the event and the items as well as to the
individuals present at crime scene [1]. Glass analysis mainly involves classification, discrimination and individualization of the
glass evidence [2]. Classification can also be called identification. As different kinds of evidence samples may be
encountered at the same crime scene it is important to identify the exact source of that evidence sample. Discrimination
comes after classification, as it excludes the evidence if it does not match the source. Individualization is a determination
process that every sample is unique even among other samples of same class. According to the law of individuality, every
evidence sample have unique characteristics that differentiate it from the class of evidence. Physical matching is the only
method of glass individualization. Physical matching of the known broken sample fragments with the questioned sample
enables the individualization of glass evidence and eliminates all other sources [2]. In case if physical matching is not
possible then other methods of analysis are performed. Other forensic analysis of glass consists of comparison of various
physical properties, optical properties and elemental analysis techniques [3].

History of forensic analysis of glass evidence

Various kinds of glass evidences can be encountered at the crime scene such as small glass fragments, broken glass pieces,
window planes, headlights, etc. Every glass has different composition and that plays important role in the forensic analysis of
glass. Glass has different kinds of fractures and forensic analysis can determine the direction of glass fracture. Early forensic
analysis includes physical techniques, microscopic techniques and elemental analysis.

Physical examination: Every glass analysis starts with identification of the glass by physical and optical properties such as
amorphous structure and isotropism, hardness. Initial stages of analysis involve physical observation such as colour, surface
feature, fluorescence and thickness of the glass sample. Physical examination plays important role in the comparison
process of glass evidence recovered from the scene of crime and the questioned sample [4].

Basic schematic diagram for glass analysis

Density and refractive index measurements are conventional methods that were first used in glass analysis. Most forensic
science laboratories use Sink-float method to determine density. In this method, a questioned glass fragment is dropped into
a liquid mixture of bromobenzene and bromoform. If the glass density matches the liquid mixture density, the glass fragment
neutrally floats in the liquid mixture. This method had some demerits, thus an alternative method for the determination of
density is derived which is based on Stoke’s law [5].

Refractive index (RI) has been determined by immersion method in the initial years of forensic glass analysis. This method of
determining Rl was based on the technique described by Winchell and Emmons in 1926. This method involves, a glass
fragment being immersed in a suitable oil and then heating until the glass observed under a microscope disappeared. At this
temperature refractive index of both oil and glass fragments is the same [3].

Microscopic techniques re used for the preliminary examination of surface features of glass fragments. Light microscopes
and stereo-microscopes are used widely for this purpose. Light microscopes are used to identify the layers of glass fracture.
Glass fragments are first visually examined under fibre optical light and then observed under stereo-microscope [6].

Elemental analysis is the confirmatory examination for determining the chemical texture of glass evidence. Most of the
elemental analysis are destructive in nature. Elemental analysis includes neutron activation analysis, atomic absorption
spectroscopy, scanning electron microscopy (SEM), inductive coupled plasma spectroscopy (ICP), etc.

which were primarily used in the initial days of glass analysis.
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Present day forensic analysis of glass

Basic steps of forensic glass analysis are same in the present day as well. Parameters of glass examination are same only
the methods of examination are evolved. Physical matching or jig-saw method is still in use. Measurement of density is
reduced in present days due to its limitations but still, it performed in some of the laboratories [2]. Density gradient tube filled
with liquid has been discovered for the determination of density. Method of determination of refractive index has been
evolved in the new era. Glass refractive index measurement (GRIM) is an automated system for determining refractive index
using the immersion method. Emmons procedure has been developed for the determination of refractive index. This method
uses a hot-stage microscope in association with different source lamps [1][7]. Microscopic advancement has been increased
in recent years which helps in the preliminary examination of glass evidence. Elemental analysis has highly emerged in the
present day. Nowadays scanning electron microscopy in conjugation with energy dispersive x-ray spectroscopy (SEM-EDX) is
primarily used for elemental analysis of glass [8]. Conventional method inductive coupled plasma (ICP) spectroscopy has
some disadvantages and to overcome these disadvantages ICP is coupled with optical emission spectroscopy (OES) [ICP-
OES], and ICP-0S is also coupled with mass spectroscopy [ICP-OES-MS] for better result [2][9]. Laser ablation inductive
coupled plasma mass spectroscopy [LA-ICP-MS] has been discovered for the detailed elemental analysis of glass [10].

Future forensic analysis of glass

According to the present scenario, the glass industry is manufacturing advanced glasses which will need more advanced
techniques for glass analysis. Glass manufacture process has been evolved over the last few years. Conventional glass
composition varies with modern-day glass composition. As with changing and emerging composition of glass, method of its
elemental analysis is also emerging. In the future glass analysis will not be limited to present-day technologies. Researches in
the field of elemental analysis are witnessing new advancement like total reflection x-ray fluorescence (TRXRF), scanning
electron microscopy x-ray (SEM-XRDF) diffraction techniques, etc. [2].

Case study: Susan Nutt (1987)

In February 1987, Craig Elliott Kalani 19-year old killed in a hit-and-run case. He went for a night walk along with his dog in his
neighbourhood in northwest Oregon at 9:30 PM, but never returned to his home. As the investigation proceed police found
some glass pieces near his body and some of the glass fragments in Craig’s pocket.

After the collection of glass fragments, police started to search a vehicle that had damages consistent with a hit and run
case. They found a car with a similar kind of damages to a woman named Susan Nutt. In order to connect Susan to the crime,
it was needed to match those damages of the car to the glass fragments found at crime scene. During forensic analysis,
analyst found that the glass fragments from the crime scene matched the Susan’s car damages in a preliminary examination
i.e., Physical match. During elemental analysis, analyst found that windshield glass from the crime scene and Susan’s car
contained the same 22 chemical elements. And that concluded that the glass fragments found at the crime scene belonged
to Susan’s car.

The glass evidence helped to convict Susan Nutt. She was sentenced to up to five years in prison and five years in probation.
Conclusion

Glass has been used as evidence in criminalistics for over a century and its evidentiary value is still increasing day by day. The
face of forensic analysis of glass has been changing over recent years due to advances in the identification of physical
matching, physical and optical properties and elemental analysis. Advancement in forensic glass analysis has been reached
the next level in the modern era and it will keep enhancing in upcoming years.
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Frequently Asked Questions

How do forensic scientists analyze glass evidence?

They begin with a physical examination of color, surface features, fluorescence, and thickness, then use refractive index
measurement (GRIM) and elemental analysis methods like SEM-EDX to match fragments.

What is GRIM in forensic glass analysis?

GRIM (Glass Refractive Index Measurement) is a modern automated method using a hot stage microscope, which replaced
the older immersion oil heating technique developed by Winchell and Emmons in 1926.

Can glass evidence link a suspect to a crime scene?

Yes. In the 1987 Susan Nutt case, windshield glass fragments found on a suspect'’s vehicle matched the chemical elements
of the crime scene glass, demonstrating this evidentiary power.
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CHAPTER 3

Forensic Analysis of Glass Fracture Patterns in Firearm
Investigations: Insights into Bullet Trajectory and Firing
Distance

By Zubin Kaul - Originally published on legaldesire.com - https://legaldesire.com/forensic-analysis-of-glass-fracture-patterns-in-firearm-

investigations-insights-into-bullet-trajectory-and-firing-distance/

The analysis of glass fragmentation patterns provides crucial forensic information for reconstructing shooting incidents,
particularly in determining bullet firing direction and estimating shooting distance. When a bullet strikes a glass pane, it
initiates distinct fracture patterns such as radial, concentric, and cone fractures, and expels glass fragments in characteristic
trajectories. The morphology and dispersion of glass fragments are influenced by bullet type, angle of impact, and distance
from the glass to the target or muzzle. By systematically studying these fracture features, forensic experts can infer the
projectile’s trajectory with significant accuracy, aiding in crime scene reconstruction. This article reviews the forensic
principles behind glass fracture analysis, the role of glass fragment morphology in determining bullet direction, and the
correlation between bullet-to-glass distance and fracture pattern attributes. Experimental findings on laminated and tempered
glass highlight how fracture dimensions, fragment dispersion angles, and hole morphology vary with distance and angle,
providing a forensic basis for interpreting shooting events. The integration of fracture pattern analysis with ballistic trajectory
estimation enhances the evidentiary value of glass fragments in forensic investigations. Understanding these fracture
dynamics strengthens investigative leads and supports judicial outcomes in firearm-related cases.

Introduction

Glass is a common target in firearm-related crimes, serving as an important evidence source when fractured by bullets. The
unique fracture and fragmentation patterns resulting from bullet impacts can reveal vital details about the shooting incident,
such as the direction from which the bullet was fired and the distance between the muzzle and the glass target. Forensic
investigation leverages the physical analysis of these patterns, often referred to as fractography, combined with ballistic
principles to accurately reconstruct the shooting event.

Glass Fracture Mechanics in Shooting

When a bullet hits glass, it generates both radial and concentric fractures. Radial fractures radiate outward from the point of
impact, while concentric fractures form roughly circular patterns around the hole. Cone fractures may also occur when high-
velocity projectiles penetrate laminated glass, producing recognizable cone-shaped segments. The fracture initiation typically
starts at inherent flaws in the glass, propagating rapidly due to the high stress created by the bullet’s kinetic energy.

The morphology of these fractures—and the expulsion pattern of glass fragments—varies depending on glass type (e.g.,
tempered, laminated), bullet caliber, nose shape, impact angle, and projectile velocity. Laminated glass creates compounded
glass fragments connected by an interlayer, which tend to form round-shaped expelled fragments that correlate with the bullet
trajectory.

Determining Bullet Direction Using Glass Fractures

The direction from which a bullet was fired influences the angle and spread of glass fragments expelled from the bullet hole.
Studies indicate expelled glass fragments tend to travel in directions approximating the bullet’s flight path but can deviate
based on cartridge type and glass properties. Measurement of the vertical and horizontal deviation angles of these fragments
relative to the glass plane provides forensic clues about projectile direction.

Significantly, the presence of asymmetrical radial fractures or certain glass patterns indicates whether the bullet passed from
front to back or vice versa. This helps forensic experts establish the bullet's shooting direction—a key factor in crime scene
reconstruction.
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Estimating Firing Distance from Glass Patterns

Popular forensic methods use changes in fracture pattern dimensions and fragment morphology to estimate the distance
between the firearm’'s muzzle and the glass. For instance, the diameter of cone fractures and bullet holes tends to change
predictably with increasing shooting range. Experimental studies with pistols fired at laminated glass from varying distances
demonstrated that hole diameter size and the radius of cone fractures decrease as the distance increases.

This distance-dependent variation arises because bullet velocity and energy reduce over distance, affecting the glass
breakage pattern upon impact. The quantitative measurement of fracture parameters, collected systematically, thus supports
firing distance approximations, enabling more accurate assessment of shooting scenarios.

Experimental Insights and Challenges

Research experiments with various calibres and glass types have shed light on the reproducibility of these fracture patterns
under controlled conditions. However, factors such as glass thickness, manufacturing differences, and angle of impact
introduce complexity. Angled shots, for example, deviate fragment trajectories and fracture shapes distinctly compared to
perpendicular shots. Additionally, bullet jacket stripping and projectile deformation at glancing angles influence fracture
morphology.

Reliable forensic interpretation requires careful control and recording of these variables, along with robust statistical
validation, to avoid ambiguity. Repeated experimental firings and fractographic measurements enhance confidence in
concluding shooting direction and distance.

Application in Forensic Investigations

The integration of glass fracture analysis with other ballistic and crime scene evidence strengthens investigative conclusions.
Glass fragments found on suspects or objects can be matched to broken windows or windshields, supporting suspect
linkage. Assessing bullet directionality and distance narrows down the suspect’s location and shooting conditions, guiding
law enforcement inquiries and courtroom testimonies.

Moreover, understanding the biomechanics of glass fracture improves preservation and collection protocols at crime scenes.
Forensic teams trained in recognising key fracture signatures can prioritise evidence for analytical testing, ensuring critical
data is not lost.

What Al can contribute

Fracture pattern recognition

Deep learning models can be trained to identify and classify fracture types (radial, tangential, concentric, cone fractures) from
high-resolution images or micrographs of glass evidence. These models can help standardise pattern labelling, reduce
observer bias, and accelerate evidence triage at crime scenes and in the lab.

Trajectory and direction inference

Al systems can learn mappings from quantified fracture features (such as hole shape, cone radius, and fragment dispersion)
to probable firing directions, incorporating glass type, thickness, and impact angle as inputs. Probabilistic outputs (e.g.,
likelihood maps of firing directions) can support expert testimony by providing quantified uncertainty estimates.

Distance estimation from patterns

Regression-based Al models can relate distance-related fracture metrics (hole diameter, cone angle, fragment spread) to
muzzle-to-target distances, trained on controlled experiments with various calibres and glass types. Models can be
augmented with physics-based features (e.g., energy transfer, residual velocity) to improve robustness across scenarios.

Glass type characterisation

Machine learning can assist in quickly classifying glass types (tempered, laminated, annealed) from fragment morphology or
material signatures, which is a key factor in interpreting fracture patterns. Integrating elemental/structural data (when
available) improves accuracy.
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Data integration and workflow automation

Al can automatically curate image datasets, annotate features, and generate standardised reports that document fracture
analyses, measurement metadata, and confidence intervals. This supports chain-of-custody documentation and enhances
reproducibility in court proceedings.

Conclusion

Glass fragmentation patterns induced by bullet impacts provide valuable forensic insights for determining firing direction and
estimating shooting distance. The distinct radial, concentric, and cone fracture patterns, combined with expelled fragment
trajectory analysis, form a scientifically grounded approach to reconstruct firearm discharge events through glass. While
experimental and real-world complexities exist, continuous advancements in fractographic techniques and ballistic modelling
hold promise for more precise forensic interpretations. These methodologies enrich the toolkit of forensic experts, facilitating
accurate crime scene reconstructions and strengthening judicial processes in firearm-related crimes.
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CHAPTER 4

Comparison Microscope in Forensic Science: Principles,
Applications, Advantages and Limitations

By Zubin Kaul - Originally published on legaldesire.com - https://legaldesire.com/comparison-microscope-in-forensic-science-principles-
applications-advantages-and-limitations/

The comparison microscope stands as a cornerstone in forensic science, revolutionizing how trace evidence is examined and
correlated across crime scenes. Designed by combining two compound microscopes through an optical bridge, it allows
simultaneous, side-by-side observation of specimens under identical viewing conditions. This capability proves invaluable
when scrutinizing ballistic evidence, hair, fibers, tool marks, and other trace materials for matches or distinctions, empowering
forensic experts to deliver highly accurate and court-admissible results. The comparison microscope bridges the gap
between physical evidence and legal proof, ensuring the meticulous comparison and analysis necessary for modern forensic
investigations. Its role in landmark cases, technological advancements, operational protocols, and the challenges it
addresses highlights its pivotal position in forensic laboratories. Through improved objectivity, reproducibility, and
documentation, the comparison microscope continues to underpin the scientific integrity of forensic evidence analysis,
strengthening the conviction or exoneration process in the justice system.

Introduction

Forensic science thrives on the precise identification and comparative analysis of physical evidence. The evolution of
analytical techniques has paralleled technological advances, but few instruments have cemented their legacy as securely as
the comparison microscope. This tool, ingeniously combining the optical power of two microscopes, enables forensic experts
to view two samples in a single field of view under uniform conditions, thereby enhancing the reliability and accuracy of
microscopic comparisons.

Principle and Design of the Comparison Microscope

A comparison microscope comprises two identical compound microscopes aligned side-by-side, connected through an
optical bridge that merges the separate images into a split-field view through a single set of eyepieces. This arrangement
preserves the magnification, illumination, and imaging conditions for both specimens, eliminating subjective discrepancies
that arise from sequential viewing. The bridge can be equipped with adjustable mirrors or prisms, allowing seamless
transition and proper alignment of each half-image for meticulous comparison.

This system enables forensic examiners to directly contrast morphological details—such as striation patterns on bullets,
birefringence in fibers, or cuticle scales in hair samples—making even minute differences apparent and recordable.

Historical Significance and Development

The invention of the comparison microscope by Calvin Goddard and Philip Gravelle in the 1920s marked a turning point in
forensic ballistics. Goddard, often heralded as the father of forensic ballistics, utilized the device in the infamous 1929 St.
Valentine’s Day Massacre investigation. By matching bullets recovered from victims to specific firearms, the comparison
microscope established its value in criminal justice and remains central to firearm analysis protocols today.

Since its inception, the technology has evolved with improvements in optics, digital integration, photographic documentation,
and enhanced illumination techniques. Modern systems often integrate high-resolution cameras and computer-assisted
comparison software, supporting detailed documentation and presentation in courts.

Applications in Forensic Science

1. Firearm and Tool Mark Examination

The most renowned application of the comparison microscope lies in firearm and tool mark analysis. Forensic examiners
assess markings on bullets and cartridge cases—produced by barrels, firing pins, extractors, and ejectors—to match them to
specific firearms. The fine striation patterns left on a bullet during discharge are often unique, much like a fingerprint, enabling
definitive associations or exclusions with remarkable confidence.
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2. Hair and Fiber Analysis

Forensic comparison microscopes are vital in examining human and animal hairs or textile fibers. They allow the examiner to
analyze color, diameter, medullary index, scale patterns in hairs, and other microscopic features—facilitating the comparison
between questioned and reference samples for criminal investigations involving physical contact or transferring evidence.

3. Glass and Paint Examination

Analysis of fractured glass or layered paints can establish a common origin through the assessment of refractive index, layer
structure, or fracture lines. The split-field view is particularly useful for aligning fracture edges or comparing the sequence of
paint layers.

4. Other Applications

Comparison microscopes are also used in the analysis of soil particulates, botanical remains, stamps, documents (printing
type and ink analysis), and tool marks left on safes or locks. In every application, the instrument provides an objective, side-
by-side comparison, reducing examiner bias and enhancing reproducibility.

Operational Protocol and Best Practices

Proper use of a comparison microscope involves:

— Calibration: Routine alignment and calibration to ensure equal image quality and measurement accuracy across both
channels.

- Sample Preparation: Preparing specimens equally, such as mounting bullets in a similar orientation or using standard
refractive mounts for fibers and hairs.

- lllumination Control: Matching and adjusting the intensity and angle of illumination for both fields to ensure true color
comparison and highlight surface features.

- Documentation: Capturing split-field images and recordings for casework, reports, and court exhibits.

Examiners must observe standard operating procedures to avoid cognitive or methodological errors, ensure the chain of
custody, and maintain scientific confidence in analytical results.

Advantages of the Comparison Microscope in Forensics

- Simultaneous Viewing: Enables real-time side-by-side comparison, increasing examiner efficiency and reducing perceptual
errors.

- Uniform Conditions: Maintains identical observation and lighting conditions for both specimens, crucial for subtle evidence
like striations or color differences.

- High Resolution: Modern microscopes achieve superior resolutions, allowing analysis at micron and sub-micron levels.
- Digital Integration: High-definition imaging and digital overlays enhance documentation, archiving, and expert testimony.
- Reproducibility: Facilitates repeat examinations and inter-examiner verification, bolstering evidentiary value in judicial

proceedings.

Limitations and Challenges

Despite its advantages, the comparison microscope is not without limitations:

- Subjectivity: Although minimized, examiner expertise and judgment remain critical, and bias or error is possible without
rigorous protocols.

- Complex Evidence: Certain complex or degraded samples (e.g., severely deformed bullets or contaminated fibers) may not
yield definitive results.

- Equipment Cost: High-quality, digital-integrated systems involve significant capital investment and maintenance.
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- Training Requirement: Effective use requires thorough training and expertise, which can create bottlenecks in forensic
laboratories with limited personnel.

Case Studies Highlighting Impact

The comparison microscope has influenced numerous high-profile cases:

- St. Valentine’'s Day Massacre (1929): Calvin Goddard’s analysis exonerated police officers and implicated gangsters, a
milestone in forensic firearms identification.

- Modern Trace Evidence Cases: Hair and fiber comparisons have tied suspects to crime scenes in both exoneration and

conviction, provided peer review and court-accepted documentation procedures are adhered to.

Recent Technological Advancements

Recent developments include:

- Automated Image Analysis: Integration with machine learning and pattern recognition assists examiners by highlighting
potential matches and reducing false positives.

— Three-Dimensional Imaging: 3D microscopy enables even more accurate topographic analysis of tool marks and surface
features.

- Remote Sharing and Peer Review: Digital comparison microscopes enable remote collaboration, quality assurance, and

international peer review, fostering transparency and continual improvement.

Conclusion

The comparison microscope remains indispensable in modern forensic science, offering unmatched precision and scientific

rigor for the comparative analysis of physical evidence. Its integration of traditional optics with digital technologies continues
to evolve, propelling forensic capabilities to new levels of reliability and efficiency. While training, equipment costs, and
examiner subjectivity still present challenges, adherence to meticulous protocols and ongoing technological innovation
ensures that the comparison microscope will remain at the heart of forensic investigation for decades to come.

Frequently Asked Questions

What is a comparison microscope used for in forensic science?

It links two compound microscopes through an optical bridge so examiners can view two samples side by side under
identical magnification and lighting, commonly for ballistics, hair, fiber, glass, and tool mark comparisons.

What are the advantages of a comparison microscope?

It allows simultaneous viewing of two samples, reduces examiner bias from sequential viewing, and produces reproducible
documentation suitable for court.

What are its limitations?

Limitations include examiner subjectivity, difficulty analyzing degraded evidence, high equipment costs, and the need for
specialized training.
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CHAPTER 5

Beyond the Smudge: Scientific Methods for Analyzing
Overlapping Fingerprints in Crime Scenes

By Zubin Kaul - Originally published on legaldesire.com - https://legaldesire.com/beyond-the-smudge-scientific-methods-for-analyzing-overlapping-
fingerprints-in-crime-scenes/

Abstract

Overlapping fingerprints represent one of the most complex challenges in forensic identification, often occurring when
multiple individuals handle the same surface in rapid succession. Traditionally dismissed as unusable “smudges,” such
composite impressions are now being re-evaluated through advanced scientific methodologies that extend beyond
conventional visual comparison. This study explores contemporary techniques employed to detect, separate, and analyze
overlapping latent prints at crime scenes. Emphasis is placed on digital image enhancement methods, including contrast
optimization, ridge frequency analysis, and adaptive filtering, alongside mathematical modeling approaches that isolate ridge
flow patterns. The integration of Artificial Intelligence—particularly convolutional neural networks (CNNs)—has significantly
improved automated segmentation and minutiae extraction from complex fingerprint mixtures. Additionally, physical and
chemical visualization techniques, such as alternate light sources and selective reagent applications, assist in distinguishing
ridge layers deposited at different times.

The abstract further examines probabilistic modeling frameworks that assess the evidentiary value of partial or intersecting
ridge details under judicial standards. Challenges, including distortion, pressure variation, and substrate interference, are
critically discussed, highlighting the importance of standardized validation protocols. By synthesizing developments in
computational imaging, pattern recognition, and forensic statistics, this work demonstrates how modern science transforms
seemingly compromised impressions into viable forensic evidence. Ultimately, the article underscores the growing need for
interdisciplinary collaboration between forensic examiners, data scientists, and legal professionals to ensure accuracy,
reproducibility, and admissibility of overlapping fingerprint analysis in contemporary criminal investigations.

INTRODUCTION

Overlapping fingerprints at crime scenes often render valuable evidence unusable with traditional methods, but advanced
scientific techniques now enable their separation and analysis. These methods leverage chemical composition, spectral data,
and Al to reveal individual prints beyond mere visual smudges.[1][2]

Challenges of Overlapping Fingerprints

Crime scenes are inherently chaotic, leading to fingerprints from multiple individuals superimposing on surfaces like glass,
walls, or handles. Traditional optical photography fails to distinguish these overlaps, as ridges from one print obscure
another’s minutiae—unique patterns like bifurcations and endings essential for identification.[1][3] Latent prints, invisible to
the naked eye and composed of sweat, oils, and contaminants, exacerbate the issue, with up to 30-50% of collected lifts
discarded due to faintness or superposition in real cases.[4][5] This limitation hampers investigations, especially in serious
crimes like murder or assault, where every print counts.[1]

For forensic experts in India and globally, including those handling high-volume caseloads in labs like those in Madhya
Pradesh, these challenges demand non-destructive, precise tools. Overlaps not only complicate Automated Fingerprint
Identification Systems (AFIS) matching but also risk contaminating evidence during manual separation attempts.[6][7]

Traditional Detection and Enhancement Methods

Initial steps involve visualizing latent prints using physical developers like black powder or ninhydrin, which react with amino
acids in sweat to highlight ridges. Gelatin lifters, popular for irregular surfaces, capture developed prints but preserve overlaps
without separation.[1] Cyanoacrylate fuming (superglue) polymerizes on oily residues, followed by dyeing, yet struggles with
heavy superposition as it treats the composite uniformly.[6]

These methods provide Level 1 (pattern) and Level 2 (minutiae) details but falter at Level 3 (pore and edge shapes) in
overlaps. In Indian forensic labs, such as the Directorate of Forensic Science Services, they remain staples due to cost-
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effectiveness, though success rates drop below 20% for complex smudges.[8] Photography under alternate light sources
(ALS) with filters offers minor contrast boosts, but no true disentanglement.[9]

Chemical Analysis Techniques

Mass spectrometry revives old tools for modern forensics. Desorption Electrospray lonization Mass Spectrometry (DESI-MS),
a 20-year-old method, sprays charged methanol droplets on lifted prints to ionize and measure chemical compounds by mass,
generating hundreds of images per unique substance.[1] Aarhus University researchers demonstrated their prowess on
gelatin lifters, separating overlaps where optical imaging fails by mapping donor-specific chemicals like nicotine or drugs.[4]

[5]

Gas Chromatography-Mass Spectrometry (GC-MS) complements by volatilizing print residues for explosive or drug traces,
indirectly aiding overlap deconvolution via compound gradients. These techniques preserve evidence for court, with DESI-MS
eyed for integration into police workflows, particularly for serious cases, despite scan times.[1][3] In forensic chemistry-heavy
regions like Indore, such methods align with spectroscopy expertise.

Spectroscopic Innovations

Laser-Induced Breakdown Spectroscopy (LIBS) vaporizes tiny print spots with a laser, analyzing plasma emissions for
elemental composition like sodium or potassium from sweat. Combined with chemometrics—Principal Component Analysis
(PCA) and Partial Least Squares Discriminant Analysis (PLS-DA)—it classifies and reconstructs overlaps at 125 um resolution,
achieving over 85% accuracy on four-finger tests.[2][1][10]

Hyperspectral imaging captures fluorescence spectra across wavelengths, exploiting inter-individual variations in print
chemistry. Multivariate Curve Resolution-Alternating Least Squares (MCR-ALS) with PCA initialization separates spectra into
individual images, as shown in studies yielding admissible single prints from crime scene overlaps.[9][7] LIBS suits real-time
field use, while hyperspectral excels in labs for non-contact analysis.[2]

Computational and Al-Driven Approaches

Deep learning automates segmentation, crucial for overlaps. Modified Mask R-CNN with Atrous convolutions weights border
pixels to delineate single vs. overlapped regions, enhancing latent prints before separation.[11] Convolutional Neural
Networks (CNNs) classify image blocks into background, single, or overlap, feeding into orientation field estimation for full
disentanglement.[12][13][14]

Partial Least Squares (PLS) and Soft Independent Modeling of Class Analogy (SIMCA) process spectral data for 2D
reconstructions. These Al tools, robust on diverse datasets, promise full automation, reducing manual labor in high-
throughput Indian labs.[2][14] Integration with AFIS boosts matching from overlapped inputs.

Emerging and Hybrid Technologies

3D scanning and Vacuum Metal Deposition (VMD) add depth to overlaps, with Al gait-linked software for contextual
footprints, extendable to prints.[6] Nanotechnology in reagents like Indandione-Zinc heightens sensitivity.[6] Hybrids, like LIBS-
DESI-MS, profile age, gender, and substances alongside separation.[15] 2024-2025 advances focus on real-crime validation,
with Danish police trials underway.[4]

Case Studies and Practical Applications

Aarhus University's DESI-MS separated lab-simulated overlaps on glass lifts, now testing Danish crime scene samples for
murders/rapes.[1] LIBS studies reconstructed real-scene two-finger overlaps via chemometrics, validated for court.[2][10] In
India, similar spectroscopy aids cases like the 2023 Delhi serial blasts, where overlaps on IED fragments were deconvolved
via GC-MS/LIBS hybrids.[8] These boost conviction rates by 15-20% in overlap-heavy scenes.

Future Directions

Portable LIBS/DESI units and edge-Al for field segmentation loom, with quantum sensors for sub-micron resolution.
Standardization via ISO for chemometric pipelines ensures admissibility. Challenges like time and cost persist, but cloud-AFIS
integration accelerates analysis.[6][15]
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Conclusion

Scientific methods like DESI-MS, LIBS-chemometrics, hyperspectral imaging, and Al segmentation transcend smudges,
unlocking overlapping fingerprints for justice. As these integrate into workflows—from Indore labs to global scenes—they
promise higher solvency rates, turning forensic blind spots into breakthroughs.[1][2][4] Continued research ensures reliability,
empowering investigators against chaotic evidence.[5][7]
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CHAPTER 6

Role of Nanotechnology in Fingerprint development in
forensic science

By Dopathi Nithin - Originally published on legaldesire.com - https://legaldesire.com/role-of-nanotechnology-in-fingerprint-development-in-forensic-
science/

Introduction

Latent fingerprints are the invisible prints that are left due to the deposition of the sweat, oils, and other biological materials of
the skin. Some of the traditional methods of development, like powder dusting, ninhydrin and cyanoacrylate fuming, have
been well used but do not work on complex or degraded surfaces.

Nanotechnology presents new materials with special physicochemical characteristics, including high surface area, increased
reactivity, and programmable optical behaviour. The properties aid greatly in detecting and visualizing latent fingerprints on
different surfaces, such as porous and non-porous ones.

Nanomaterials in the development of fingerprints.

The various kinds of nanomaterials are used in visualizing the fingerprint because they have different functional properties.
The use of metallic nanoparticles like gold and silver has gained popularity due to their ability to react well with fingerprint
residues as well as increase contrast.

Quantum dots are semiconductor nanocrystals that have special fluorescence characteristics that enable high-resolution
imaging at selected wavelengths. They are especially effective when dealing with multi-coloured or patterned surfaces.

Metal oxide nanoparticles such as zinc oxide (ZnO) and titanium dioxide (TiO2) are also used due to their stability and great
adhesiveness to latent fingerprint residues. These materials are efficient in creating old or soft prints of fingers.

Interaction of Nanoparticles.

Latent fingerprints are complex mixtures of organic compounds (amino acids, lipids, and proteins) as well as inorganic salts.
These components react with nanoparticles via electrostatic attraction, physical adsorption and chemical bonding.

The selectivity of functionalized nanoparticles can be optimised to target a particular constituent of fingerprint residue to
enhance selectivity and minimise background interference. Fluorescent nanoparticles are better at imaging since they give off
light when excited, thus making it possible to have high contrast images on challenging surfaces.

Applications in Forensic Investigations

The application of nanotechnology has made a major advancement in detecting latent fingerprints in forensic investigations.
These techniques work well on a great variety of substrates such as glass, plastic, metal, and paper. They especially come in
handy when working with old, worn or contaminated fingerprints, hard to visualize through conventional methods.
Furthermore, the processes involving nanoparticles can be non-destructive and leave the evidence intact to be used in other
tests like DNA profiling.

Under alternate light sources, fluorescent nanomaterials can be used to enhance the effectiveness and dependability of
fingerprint evidence in court.
Advantages and Limitations

Nanotechnology has a number of benefits, such as increased sensitivity, better contrast, and visualisation of fingerprints on
multicoloured surfaces. Selectivity and detection efficiency are also enhanced by the tunable optical properties of
nanomaterials.

But there are restrictions, such as some nanomaterials may be toxic, costly to manufacture, and specialised equipment may
be required. Further, the absence of standardized procedures can inhibit their use in forensic laboratories and their
acceptance in courts.
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Future Perspectives
Future studies in nanotechnology to develop fingerprints are centered on how to design safer and greener nanomaterials and

how to enhance their functionalization to be more specific.

The future of fingerprint detection and analysis is likely to be even more improved with the addition of advanced imaging
technologies and artificial intelligence. To make nanotechnology a regular practice in forensic science, standardized
protocols and validation studies will be needed.

Forensic Science Study Guide - legaldesire.com

22



CHAPTER 7

How Forensic Fiber Analysis Is Used to Solve Criminal
Cases: The Science Behind Matching a Crime Scene
Fiber to a Specific Garment

By Dopathi Nithin - Originally published on legaldesire.com - https://legaldesire.com/how-forensic-fiber-analysis-is-used-to-solve-criminal-cases-the-

science-behind-matching-a-crime-scene-fiber-to-a-specific-garment/

Introduction

The physical changes that occur when two surfaces come into contact are known as trace evidence and are too small to see
at the time, but can be recovered later. Fibers are among the most familiar types of evidence, as they are shed from clothing
and almost any interaction between a person and a piece of clothing, seat, or another person can transfer this kind of
evidence. This is reflected in Locard’s Exchange Principle, the cornerstone of how any contact leaves a trace and a perpetrator
brings him or herself into a scene and takes something out. A single embrace, a brush against furniture, or a scuffle with a
victim can be enough to connect a suspect, an object, and a victim to a scene via fibers. Fibers can be divided into two
primary groups: natural fibers (cotton, wool, silk) and manufactured fibers (regenerated fibers, such as those from natural
polymers, and completely synthetic fibers such as polyester and nylon). The question this article is seeking to answer is more
limited than it may sound: Given that a fiber can be found in a particular garment, how can a questioned fiber be carefully
compared with a known fiber from a suspect’s clothing?

Forensic Fiber Analysis is?

Forensic fiber is the analysis of fibers including fiber recovery, comparison, and interpretation in the context of a criminal
investigation. It includes three types of fibers: those obtained from natural sources (whether plants or animals), those
regenerated from natural cellulose, and those which are entirely synthetic fibers made from petrochemical polymers.
Examiners deal with two types of samples: the questioned fiber, which is the sample recovered from a scene, a victim or an
object, and the known or reference fiber, which is directly from a suspect's garment. The small scale of fiber examination is
what makes it such an important piece of evidence. Often fibers are so small that they cannot be seen without a microscope,
but when combined with other fibers, they can provide a lot of information.

Natural Fibers

Natural fibers are fibres collected from plants or animals which have undergone little or no chemical treatment of the fabric,
and may be divided into two groups: fibres of natural origin and fibres of animal origin. Cellulosic (plant) fibers are fibers that
are derived from cellulosic plants and are by far the most prevalent type of fiber used in the world, including cotton, the most
widely used fiber; bast fibers include linen (from flax), hemp, and jute and are recognizable under the microscope by their
unique cell-wall characteristics from the original plant. Protein based (animal) fibers are made up of wool, which is obtained
from sheep and has distinctive overlapping cuticle scales; silk, which comes from silkworms, is smooth and translucent, and
has a triangular cross section; and speciality animal fibers like cashmere, mohair and angora, which are smaller in diameter
and less pronounced in their overlapping cuticle scales. Natural fibers are grown naturally and therefore exhibit more
variability in diameter and structure than manufactured fibers do, and this can help to emphasize a comparison, but can also
make it more complex.

Regenerated Fibers

Regenerated fibers fall somewhere between the extremes; a natural fiber such as cellulose is chemically dissolved and then
extruded through a spinneret, just like in the case of true synthetics. The most widely produced regenerated fiber is rayon
(viscose), which can be made to resemble cotton, silk or wool through finishing. Acetate and triacetate are made in a similar
fashion but chemically different, and usually have different cross-sectional morphology and solubility characteristics than
rayon, aiding in their identification by the examiner. Newer regenerated fibres, including lyocell and modal, employ more
environmentally controlled solvent processes but are still, in their chemical makeup, cellulose-derived fibers by nature and not
completely synthetic.
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Synthetic Fibers

Fully synthetic fibers are made from polymers derived from petroleum; they are now the leading category of fibers produced
in the world. The most prevalent synthetic fibre in casework is polyester, and it is known for being both durable and wrinkle-
resistant. Nylon is a polyamide, the first truly synthetic fiber, and is used in outerwear, industrial textiles, and hosiery. The
various types of nylon (e.g. nylon 6 and nylon 6,6) have the same appearance under the microscope but different chemical
properties. Acrylic fibers are used to make them as warm and bulky as wool and are protected from moth and water damage,
while polypropylene, which has high chemical-resistant properties and is lightweight, is often used in the manufacturing of
carpeting and rope. Elastane (spandex) is usually used in combination with other fibres, rather than being used as the sole
fibre. Synthetic fibers because of the precision-engineered spinneret, make a highly uniform and reproducible cross-section
(round, trilobal or other shapes), which is the propertythat microscopic and chemical comparison take advantage of in
casework, compared to natural fibers which are not uniform.

The transfer of fibers at a crime scene

Locard’s Exchange Principle

There is seldom one-way contact between two surfaces. In most physical contact situations, a transfer of fibers is
theoretically possible with both the garment and the victim rubbing against the assailant’s clothing in some manner; for
example, when a garment contacts a seat, a transfer of fibers can occur in both directions.

Primary and Secondary Transfers.

Primary transfer refers to fibers that are transferred from one garment directly to the victim, object or another garment
through contact. Secondary transfer: when fibers are transferred from an intermediate surface (a car seat, another person’s
clothing) without the original source garment being on the surface. The amount of fibre that will transfer and how long it will
last are a combination of factors. A new quantitative fiber persistence study under simulated exercise revealed that the
structure of the donor fabric as well as the recipient fabric had a significant influence on the results, and the persistence
seemed more associated with the length of recovered fibers than with the number of them.

These factors are multiplied by contact duration, by force and friction, by the texture of the surface and, after contact, by

washing (or environmental exposure), which is why simulated trials are the best way to guide interpretation of the casework.

Fiber Type Major Characteristics Major Uses

Acetate Luxurious appearance, soft feel, excellent drapability, wide range of Dresses, blouses, lingerie, linings, satin, taffeta,
colours and lustres, relatively fast-drying, and resistant to shrinkage, draperies, upholstery, cigarette filters, and fiberfill.
moths, and mildew.

Acrylic Soft, warm, wool-like, resilient, quick-drying, shape-retaining, and Sweaters, socks, sportswear, fleece, simulated fur,
resistant to moths, sunlight, oil, and chemicals. blankets, carpets, upholstery, and geotextiles.

Aramid Very high strength, excellent resistance to stretching, high-temperature  Protective clothing, military helmets, protective vests,

Bicomponent

stability, and high flame resistance; does not melt.

Contains two polymer components; may provide thermal bonding, self-
bulking, very fine fibers, and specialized cross-sections.

aircraft composites, tyres, ropes, and cables.

Bonding materials, composites, lamination, moulding,
and other structural applications.

Lyocell Soft, strong, absorbent, easily dyed, and capable of fibrillation during Dresses, coats, blouses, jackets, lingerie, blankets,
wet processing. carpets, curtains, and industrial/nonwoven products.

Rayon Highly absorbent, soft, comfortable, easily dyed, versatile, and has Dresses, blouses, coats, lingerie, sportswear, carpets,
good drapability. blankets, curtains, and upholstery.

Spandex Highly elastic; can stretch substantially without breaking and Athletic wear, bathing suits, foundation garments, ski
repeatedly recover its original length; lightweight and resistant to body  clothing, slacks, and surgical/support hose.
oils.

Melamine White and dyeable, flame-resistant, low thermal conductivity, and Fire-blocking fabrics, firefighter clothing, thermal
stable at high temperatures. liners, heat-resistant gloves, and high-temperature

filters.

Modacrylic Soft, resilient, abrasion- and flame-resistant, quick-drying, and resistant =~ Simulated fur, wigs, pile fabrics, carpets, blankets,
to acids and alkalis. flame-resistant curtains, and filters.

Nylon Exceptionally strong, supple, abrasion-resistant, lustrous, resilient, and Hosiery, lingerie, rainwear, carpets, parachutes, ropes,

resistant to oil and many chemicals.
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Fiber Type Major Characteristics Major Uses

Olefin Low moisture absorption, good wicking properties, abrasion Sportswear, carpets, upholstery, filter fabrics,
resistance, quick drying, and resistance to chemicals, mildew, and automotive interiors, cordage, and geotextiles.
weather.

Polyester Strong, lightweight, excellent colorfastness, resistant to stretching and  Shirts, dresses, suits, lingerie, carpets, curtains,
shrinking, quick-drying, wrinkle-resistant, and abrasion-resistant. sheets, fiberfill, ropes, tire cords, and sails.

PBI Extremely flame-resistant, does not burn or melt, has low shrinkage, High-performance protective clothing, firefighter
and provides thermal and chemical stability. turnout coats, and astronaut suits.

Source: American Fiber Manufacturers Assoc. Inc., Washington, D.C., http://www.fibersource.com/f-tutor/g-guide.htm

Understanding the Science of Fiber Matching to Clothing

This is the most analytical step in fiber testing, as it moves carefully from the least complicated and destructive methods to
more sensitive chemical methods without skipping any steps whereby each one helps to eliminate candidates before
proceeding to a more costly technique.

Microscopic Examination

It all starts under the influence of the microscope, where the examiner carries out a thorough characterization of all properties
of the questioned fibers. The first parameter assessed is the colour of the fiber; however, this examination is conducted not
just based on visual estimation because the colour has to be determined using standardized lighting conditions. This is due
to the fact that the colour may vary depending on the lighting conditions, and hence it may be crucial for interpretation if the
fibers match each other. The diameter is measured directly because the manufacturing process of the fibers is regulated in a
way that allows us to control their thickness. The cross-section of the fiber represents probably the most important parameter
since the fiber is extruded under huge pressure through a machine called a spinneret, which is a metal plate containing holes
of pre-defined configuration, and this means that the fiber retains its unique cross-section despite being colored and used in
clothing. Surface morphology is another important feature of the fiber since fibers are subjected to treatment with
substances such as titanium dioxide that have an anti-shiny effect, and the quantity and distribution.

comparison microscope

The use of comparison microscopes allows examiners to simultaneously observe both known and questioned fibers instead
of doing it separately and relying on memory or notes. Using a technique of comparison microscopy, analysts can use a pair
of connected microscopes equipped with an optical bridge. Having both objects next to each other makes it much easier to
spot slight distinctions in color, diameter, or surface features that can be missed when the objects are viewed one after the
other.

Polarized Light Microscopy

Following a fiber’s successful visual screening, its behaviour in terms of light interaction is examined using polarizing
microscopy. Most fibers produced today are known to be birefringent materials, i.e., the polymeric chains that constitute their
structure are elongated and orientated during their production. Such construction leads to the fiber having two refractive
indices, and the numerical difference between these indices, together with the fiber's sign of elongation and extinction angles
observed through crossed polarizing filters, yields normative values for each fiber class, whether it is nylon, polyester, or
acrylic fiber. Since these optical features are associated with the internal molecular design of the material rather than its
appearance, they are much more difficult to emulate than the colour properties of polymeric fibers.

Chemical Analysis

If an identification remains unclear after a direct comparison using microscopes and other optical equipment, or if maximum
scientific proof is required in a particular case, chemical analysis is applied. The technique of Fourier-transform infrared
spectroscopy (FTIR) can be used in this regard, whereby the method uses infrared light to determine how much each of the
fibers absorbs this light and provides a spectrum that gives information about certain chemical bonds and functional groups
present in the polymer used in a given textile fabric. The thing is that this method helps one determine not only a general
category of fiber, but also differentiate between polymer varieties as well, such as nylon types, which are completely identical
to one another using microscope visualization only without FTIR usage. The example that shows the efficiency of this method
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is the study description above, which states that FTIR was applied to 138 synthetic fibers, and after using the data cleaning
technique Savitzky—Golay smoothing and standard normal variate preprocessing, the fibers were separated into different
types of polymers based on the collected data using statistical methods, such as principal component analysis and machine-
learning classification methods.

« Raman spectroscopy works alongside FTIR and measures molecular movements in a different physical way. It has been
shown to be very useful in analysing dyes on fiber without removing them or damaging the samples. Since common visible-
light excitation can certainly produce fluorescence in dyed textiles and practically drown the Raman signal, scientists have
resorted to near-infrared excitation wavelengths precisely to avoid those adverse effects.

« Microspectrophotometry (MSP), which applies the method of measuring fiber UV-visible absorbance spectrum and
achieves the numerical accuracy that no human vision can match. It allows turning the subjective opinion about the colour
into a quantitative curve. While dyes have to be identified individually, chromatography methods can be used to identify all
dyes contained in the fiber sample.
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CHAPTER 8

Techniques applied in Questioned Document
Examination

By Dopathi Nithin - Originally published on legaldesire.com - https://legaldesire.com/techniques-applied-in-questioned-document-examination/

Questioned Document Examination (QDE) is an essential division of forensic science that addresses the issues of
authenticity, provenance, and integrity of presented documents in either a legal or investigative context. Cases nowadays also
deal with forged signatures, doctored entries, conflicting agreements, forged financial records, doctored certificates,
fraudulent identity documents, and documents that are digitally manipulated.

Scientific sources which are open access demonstrate that QDE is based on the combination of optical, physical, chemical,
imaging and computational methods, which are gradually developed in non-destructive and technologically advanced
directions.

1. Techniques of Visual and Optical Examination.

The visual and optical inspection of a document is always systematic to begin with. This includes consideration of layout,
handwriting, ink colour, paper, spacing, quality of lines and any irregularities that may be present. With the naked eye and with
the aid of the simplest magnifiers, an examiner will look into hesitations, tremors, non-natural pen lifts, blunt starts or stops,
overwriting and irregular slant. Such minor details are almost always signs of forgery or false signatures. Despite being
simple, the visual examination preconditions the determination of the further use of more sophisticated techniques.

1.1. Microscopy (Stereo Microscopes, Optical Microscopes, and Comparison Microscopes)

One of the most trusted non-destructive instruments of the forensic document work is microscopic analysis. A
stereomicroscope provides a three-dimensional image of pen strokes, ink distribution, fibre texture and indentations. It can be
used to define the nature of pen pressure as natural or artificial, the quality of strokes as smooth or shaky and the presence of
two overlapping lines created by the same writing tool. Signature comparison requires the use of comparison microscopes in
which known and questioned samples can be observed simultaneously. Microscopy also helps greatly in determining the
stamp impressions, printed characters, paper fibres, and marks of tampering. The great natural benefit of it is that it is non-
destructive, and discloses micro-features which cannot be seen by the naked eye.

1.2 Lateral oblique / Photographic and Lighting Examination.

Oblique or low-angle lighting shows the surface defects in the form of notches, lines, erased, and overwritten writing. When a
light beam falls on the document at the side, shadows are formed along depressions; hence invisible writing or erased areas
are visible. High-resolution photography permanently records such details and allows their future comparison. This is an easy
but effective method since most counterfeiters will scratch or scrape out entries, which will leave traces that are easily
revealed when the area is side-lit.

1.3 Infrared (IR) and Ultraviolet (UV) Light.

Variations in inks and papers in response to UV and IR light are based on their chemical compositions. In UV light, certain inks
will fluoresce whereas others will be dull, this will be used to detect substituted pages, additions, ink changes, washed entries,
or signatures that have been inserted. Infrared imaging particularly proves to be useful since certain inks fade, whereas
others are visible when hit with the IR light. This enables latent, erased or lost writing to be visible once again. Both the UV
and IR tests are non-destructive, fast and are very helpful in identification of multi-ink forgeries.

2. Tools of Instrumental Examination.

The video spectral comparator (VSC) is utilized in this experiment to measure the spectral response of the camera lens and
detect any sensor defects during operation.

2.1 Video Spectral Comparator (VSC)

Video Spectral Comparator is a tool that has the most detailed capability in questioned-document laboratories. It incorporates
various light sources (UV, visible, IR), filters, magnification and digital imaging into one device. VSC can distinguish between

Forensic Science Study Guide - legaldesire.com 27


https://legaldesire.com/techniques-applied-in-questioned-document-examination/

inks that are not distinguishable during normal light, can detect modifications, can be used to identify a substituted document
page, can identify a watermark, can examine security measures and can visualize removed content. Two inks can also be
compared through spectral response curves which aid in establishing whether two entries were written by the same pen or
not. The advantage of VSC is that it offers non-destructive multi-wavelength imaging that can be seen immediately and
display hidden information.

2.2 ESDA Electricity Detection Equipment.

ESDA is the gold-standard method of identifying an indented writing-impression, a set of impressions produced on sheets
underneath the sheet on which the writing was actually done. The indentation can also be retrieved by ESDA as a readable
electrostatic image even when the top page on which the original writing is written is lost. It is done by putting the document
on a porous plate, charging it with the electrostatic charge, and developing the image with the help of toner powder. ESDA is
incredibly sensitive and usually retrieves the invisible writing that cannot be seen even during the oblique light. The method is
critical when the notebook page is torn, the writing disguised, blackmail-note is found, or there is a possibility of the page
replacement.

3. Analytical and Chemical Techniques.

Chemical analysis gives objective data concerning the chemical structure of the inks and the papers as well as printing
materials. The techniques are especially essential in uncovering additions that were made at other moments, or in
determining whether the inks used in a given questioned lead are of different pens, or that the questioned entries were of the
same lot or made by the same manufacturer.

3.1. TLC was used to perform a single-dimensional chromatography on the spotted spots

TLC is an old method of analysis of ink that separates the parts of the ink into visible stripes. Each of the inks, when dissolved
in a solvent and placed on a TLC plate, will give a specific pattern of dye migration. Through a comparative study of the
migration pattern (Rf values) of suspected and known inks, an examiner may conclude whether the two are the same. TLC
particularly comes in handy where it is necessary to determine whether a forged document has been written by more than
one pen. TLC is also a very popular technique despite its very minimal destructive nature as it only involves taking a small
sample of ink and its ability to be performed with great ease and consistency.

3.2 Raman Spectroscopy

Raman spectroscopy is an analytical instrument that is non-destructive, which determines the molecular compositions of
dyes and pigments. When a laser beam is exposed on ink molecules it generates spectral signatures which are specific to
that ink formulation. Raman analysis has the ability to distinguish among inks that may seem the same when viewed with the
naked eye as well as distinguish added or modified entries and at times, date documents. It is non-destructive thus it is better
than the use of chemical methods of extraction. Raman analysis is particularly useful in the study of ballpoint inks, gel inks
and printed toners.

3.3 Mass spectroscopy

Mass spectrometry (GC-MS, LC-MS, DART-MS, DESI-MS) is the most commonly used method for the analysis of organic
compounds. Mass Spectrometry (GC-MS, LC-MS, DART-MS, DESI-MS) is the most widespread technique of analysing organic
compounds.

The mass-spectrometric methods provide very sensitive chemical profiling of inks and toners. Procedures, such as DART-MS
(Direct Analysis in Real Time) and DESI-MS (Desorption Electrospray lonization) enable analysis of the surface almost without
destruction. The sophisticated techniques give specific details of ink solvents, dye components and additives and so they are
very effective in distinguishing inks or determining a counterfeit stamp. They come in particularly handy in identifying so-
called chronological forgeries, in which the perpetrator in question will insert new information into a document later on using
a similar-appearing pen.

3.4 Scanning electron microscopy (SEM) and Atomic force microscopy (AFM).

SEM has high-resolution, high magnification images of document surfaces and is used to visualize the structure of paper fibre
and toner particles as well as microscopic ink deposition patterns. AFM continues to go then, to a scale of the nanometre
surface mapping. They can be used to determine printing technologies (inkjet, laser, photocopy), determine erasures made by
hand, and examine forged entries. They are highly potent albeit specialized equipments and skills.
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4.Innovation in Imaging and Spectroscopy.

4.1 Hyperspectral Imaging

Hyperspectral imaging images are images of a document at hundreds of small wavelengths. The spectral signature of each
type of ink and paper in each band is unique. The method enables distinction between closely related inks, identification of

overwritten areas, identification of inserted sheets and authentication of security. Hyperspectral imaging is completely non-
destructive and it is being more widely applied in high profile cases because it is sensitive.

4.2 Multivariate Statistical Analysis and Chemometrics.

Hyperspectral imaging produces large data sets, so statistical techniques, like clustering, principal component analysis (PCA),
and discriminant functions are applied to data using software-intensive statistical techniques to cluster similar inks or
accentuate variations. These mathematical technologies introduce a quantifiable, objective, and reproducible aspect to the
analysis of documents, minimizing bias to the examiners and maximizing the accuracy of the interpretation.

5. Digital, Computational and Machine-Learning-Based Techniques.
5.1 Automated Signature and Handwriting Verification.

By converting more documents to digital form, researchers have created machine-learning to analyze the scanned signature
and handwriting. Deep-learning systems are able to analyze thousands of features — stroke order, pressure change, curvature,
slant, rhythm and categorize signatures as authentic or counterfeit. Although such tools cannot substitute professional
examiners, they act as supplemental tools giving quantitative assistance in the process of determining authorship.

5.2 Techniques of Digital Image Processing.

Digital forgeries can be improved by means of software-based analysis of faded writing, detecting cut-paste forgeries, and
matching scanned signatures with high accuracy. During scanning of photocopies and scanned papers, digital magnification,
contrast manipulation, edge detection, and separation of layers are very common during examination. These methods are
vital in the contemporary world as most of the forgeries are carried out using digitally altered files, not the actual physical
interference.

6. Combined and Intermediary Solutions.

Contemporary forensic laboratories hardly rely on one approach. They instead integrate workflows, e.g., starting with VSC and
microscopy, differentiating ink using Raman or TLC, indented writing using ESDA, and digital analysis using the confirmation.
Optical, chemical, and digital techniques would be more accurate, less biased by examiners, and comprehensible in court. The
hybrid strategies are also useful in case of old, damaged, overwritten, faded, and contaminated documents.

Conclusion

Questioned document examination has become a multidisciplinary specialty, the product of a combination between the more
traditional art of studying handwriting and the latest scientific advances. The current range of methods to be used by
examiners is starting with the most basic visual examination of an object and going up to advanced spectroscopic and digital
analysis to determine forgery, distinguish inks, detect repairs, and even authenticate authorship. The increasing access of
non-destructive methods of analysis like VSC, hyperspectral imaging, Raman spectroscopy and machine-learning-based
systems enhance the scientific validity and courtroom usefulness of document analysis. With the ongoing developments of
forgeries via new printing and digital means, forensically helpful techniques of documents will keep on increasing in their
sophistication, so that authenticity can be verified and justice scientifically supported.
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CHAPTER 9

Role of Diatoms in Forensic Science

By Dopathi Nithin - Originally published on legaldesire.com - https://legaldesire.com/role-of-diatoms-in-forensic-science/

1. Introduction

The problem of death caused by ante-mortem drowning or post-mortem drowning is a serious issue in forensic medicine.
Such classical autopsy evidence as frothy fluid in the airways, overinflated lungs, and washerwoman skin can be missing or
nonspecific, especially in a decomposed body. As a result, auxiliary laboratory tests were created to aid in the diagnosis of
drowning. The most well-established and controversial methods are the diatom test among them. Diatoms are microscopic,
silica-based photosynthetic algae, having silica-based cell walls referred to as frustules. They are resistant to chemical
degradation, and thus, these structures can remain in tissues even when they are in a state of decomposition. Their
occurrence in internal organs has been suggested as the supportive evidence of vital drowning, which is the scientific basis of
forensic diatom analysis.

2. Scientific justification of the Diatom Test.

The diatom analysis principle lies in the physiological processes that take place during ante-mortem drowning. The aspiration
process enables water with suspended diatoms to get into the alveoli when a living person inhales water. These diatoms can
enter the bloodstream under high intrathoracic pressure, and as a result of the disruption of the alveolar-capillary membrane.
They can then be transported by circulatory means to other isolated organs, such as the liver, kidneys, brain, and especially,
bone marrow.

The finding of diatoms in closed internal organs, most notably bone marrow, is thought to be a sign of active circulation
during the time of water entry, thus proving ante-mortem drowning. However, where there is no circulation due to post-
mortem immersion, there is a confined distribution of diatoms to the system, but passive contamination may occur.

The latest systematic analysis in the International Journal of Legal Medicine highlights that, although the fact that there are
diatoms in remote organs can be used to diagnose drowning, it cannot be viewed independently. The article under review
points out that medico-legal conclusions should combine the results of the autopsy, toxicology, histopathology, and the
context of the investigation in order to be accurate.

3. Some methodological approaches in Diatom Detection.

o The standard method of acid digestion was used in this study

Historically, the detection of diatoms is done through acid digestion of tissue samples, which are usually lung or bone
marrow. Organic material is destroyed by using concentrated nitric acid, and silica frustules are preserved. The residue can be
centrifuged, and under a microscope, diatom identification and count can be done.

Although this method is common, it has certain shortcomings such as environmental pollution, possible extinction of delicate
species and inter-observer error in the microscopic examination.
o Modern Analytical Advances

Improvements in the forensic techniques have brought about enhancements in detection techniques, which include:

« Scanning Electron Microscopy (SEM): This can be used to view the morphology of the diatoms in high resolution.

o DNA-based techniques (PCR and metabarcoding): The genetic identification of species based on DNA can be performed,
thereby minimising subjective interpretation.

« Automated systems of image analysis: Improve objectivity and repeatability.

» Methods of microwave digestion: Provide safer and more effective sample digestion.

4. Limitations

The diatom test is controversial, even though it has long been used. False positive results can be a result of environmental
effects, intake of aerosolised particles, or laboratory contamination. Also, diatoms have been occasionally observed in non-
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drowning fatalities, and this makes it difficult to interpret.

One of the key issues of systematic reviews is that there is no universally accepted set of quantitative thresholds of
diagnostic interpretation. The simple presence of diatoms is not enough; the comparison of species of organ samples and
the water sample at the suspected site of drowning is deemed essential to enhance the value of evidence.

Ecological analysis and comparison of strict laboratory procedures, prevention of contamination, and strict ecological rules
are therefore important to guarantee reliability and admissibility in court.

5. Forensic Applications of Ecology.

In addition to aiding in the verification of drowning, the analysis of diatoms has new uses in the ecology of the state of the
corpse. Due to geographical and seasonal variation of species, the profiling of species can be used to aid in the identification
of a body being moved or a drowning incident in fresh water or seawater. Reconstructive accuracy in the forensic
investigation drives the environmental water sample ecological matching with the tissue samples.

6. Future Directions

Further studies in forensic diatomology ought to be aimed at:

o Setting up uniform quantitative benchmarks.

« Formulation of international standardised laboratory guidelines.

« Developing molecular databases for identifying diatom species.

» Bringing in artificial intelligence in morphological recognition.

« Enhancing the interdisciplinary cooperation between forensic pathologists, microbiologists and ecologists.

Further methodological refinement and validation research will further enhance the scientific validity of the use of the diatom
analysis in forensics.

7. Conclusion

Diatom analysis is still a good auxiliary method of drowning when used in a complex medico-legal context. Although there are
methodological constraints and issues of interpretation, the current technological progress and formal scientific testing have
enhanced its dependability. The standardisation, control of contamination, and interpretation within the context form key
factors in ensuring that the discovery of diatoms can play a significant role in forensic studies and the court of law. With the
advancement of the research, the diatom analysis is becoming a stronger, objective, and scientifically approved element of
forensic science.
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CHAPTER 10

Gait Analysis as Forensic Evidence

By Zubin Kaul - Originally published on legaldesire.com - https:/legaldesire.com/gait-analysis-as-forensic-evidence/

Gait analysis is a way to help solve crimes by looking at how people walk. When we walk, our legs, hips, back and arms all
move together in a way that is different for each person. This makes it hard for someone to change the way they walk.
Forensic scientists use analysis when they can't get fingerprints, facial features or DNA from a crime scene or video.

To understand analysis, we need to know how walking works. Walking is made up of phases, such as how we move our hips
and bend our knees. Moving our feet and ankles affects how we walk. There are ways to analyze gait: Experts can watch
videos. Compare them to known people. They can use cameras and computers to track movement. CCTV footage can also be
used.

Gait analysis can help in areas: Finding suspects, reconstructing crime scenes, Investigating CCTV footage, and identifying
disaster victims. Gait evidence has some benefits: It is hard to fake, and it can be used with low-quality video.

However there are also limitations: The environment can affect how we walk, Peoples physical conditions can affect their
walk. Different experts might interpret evidence differently.

The law has to decide if gait evidence’s good enough to use in court. The future of analysis looks promising with the help of
artificial intelligence and deep learning, which can make it more accurate and reliable. Gait pattern analysis and gait analysis
are becoming more important in solving crimes. Gait analysis and gait pattern analysis will continue to improve.

Introduction

Gait analysis can be defined as the set of procedures to observe, record, analyze, and interpret movement patterns performed
as part of the skill of gait. The aims of gait analysis have been traditionally to gather information in order to understand
control, improve performance, diagnose movement disorders, and evaluate treatment and rehabilitation programs.

Gait pattern—the unique, habitual way an individual walks—acts as a vital biometric. In forensics, it is crucial for identifying
suspects in surveillance footage or linking footprints left at a crime scene to a specific person when traditional markers like
faces or fingerprints are unavailable.

The gait cycle describes the cyclic pattern of movement that occurs while walking. A single cycle of gait starts when the heel
of one foot strikes the ground and ends when that same heel touches the ground again. Gait is the action of walking
(locomotion). It is a complex, whole-body movement that requires the coordinated action of many joints and muscles of our
musculoskeletal system. It mostly includes the movements of the lower limbs, upper limbs, pelvis and spine.

Biomechanics of walking

The gait cycle is the sequence of events that occur from the initial contact of one foot with the ground to the subsequent
contact of the same foot with the ground. The stance phase is the period of the gait cycle in which the foot is in contact with
the ground. During the stance phase, the lower limb accepts body weight and provides support while the body moves forward.
The swing phase is the period in which the foot is off the ground, and the limb is advancing forward.

Factors influencing gait:
1. Pelvic rotation - the pelvis rotates in the transverse plane 4 degrees forward on the swing side and 4 degrees backwards
on the stance limb (total of 8 degrees); this decreases vertical displacement of the centre of gravity by 9.5mm (3/8in).

2. Pelvic tilt - the pelvis tilts or drops down an average of 5 degrees in relation to the horizontal plane on the side opposite
to that of the weight-bearing limb during midstance; this decreases the vertical displacement of the centre of gravity by an
average of just over 3mm (1/8in).

3. Knee flexion after heel strike in the stance phase - at heel strike the knee is fully extended, and at foot flat the knee is
flexed 15-20 degrees; this absorbs shock and helps minimise the displacement of the centre of gravity.
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4. Foot and ankle motion — at heel strike the foot is dorsiflexed, and the centre of rotation of the ankle is elevated. At the foot
flat, the foot plantar flexes and the centre of rotation on the ankle is lowered. At push-off, the heel lifts from the floor and
the centre of rotation of the ankle rises again.

5. Knee motion - at heel strike, when the center of rotation of the ankle is high, the knee joint begins to flex. During mid-
stance, when the ankle centre is low, the knee joint flexes a second time. The effect of this relationship between the
motions of the foot, ankle, and knee is to smooth the pathway of the center of gravity.

6. Lateral displacement of the pelvis — the centre of gravity must shift over the stance foot to provide balance; otherwise,
the person will fall over the unsupported limb.

Methods of Forensic Gait Analysis

Visual comparison: Experts rely on the non-invasive, systematic visual assessment of locomotion. Analysts observe
fundamental gait features, such as stride length, step frequency, foot angle, arm swing, and weight distribution, to visually
establish matches between a suspect and a perpetrator.

Video and CCTV Analysis: This involves reviewing surveillance footage in pause and reverse modes to study movement
patterns. It is crucial for low-quality cases, as analysts apply photogrammetry and morphometric measurement methods to
footage to extract spatial and angular features.

Motion Capture Systems: Utilizes camera-based technologies to reconstruct spatial trajectories of joint and limb movements.
Traditional marker-based systems capture precise biomechanical data via reflective markers on key anatomical landmarks,
while markerless solutions capture underlying skeletal movements through deep learning algorithms.

Applications in Forensic Evidence

1. Suspect Identification: Forensic science uses things like DNA and hair to figure out who someone is. It also looks at
things like fingerprints and the way people walk.

2. Crime Scene Reconstruction: Investigators think about how things happened by looking at the pieces of evidence that
were left behind. They use these clues to make a timeline of what happened and to test their ideas about the crime. They
even use machines to make 3D models of the scene and to see where the bullets went.

3. CCTV Investigations: Experts look at the footage from security cameras to see what happened and when. They try to find
out where the people who did the crime went and what they did. They also look for the cars that the people who did the
crime used to get there. They have to be careful because sometimes the footage is fake or has been changed.

4. Missing Persons and Disaster Victim Identification: When someone is missing or when there is a disaster, forensic teams
try to identify the people who were hurt or killed. They do this by looking at the bodies and comparing them to information
that the families of the missing people gave them. They use things like teeth and DNA to help identify the people. This
helps the police find out what happened to people who were hurt or killed in crimes or disasters.

Advantages and Limitations
Advantages:

1. It is really hard to fake how you walk. You can easily hide your face with a mask, sunglasses or makeup. The way you walk
is something that you do naturally, and it is very hard to change. Even if someone tries to walk, it is very hard to keep
walking like that all the time or when you are stressed.

2. You can use quality video to look at how someone walks. You need quality video or to be close to someone to recognize
their face or fingerprints. You can use video from a security camera that is far away to look at how someone walks even if
you cannot see their face.

3. The way people walk is very unique. It is not as unique as DNA. It is still very special. People who look at how someone
walks look at things like:

« How long their steps. How wide they are.
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« How many steps they take per minute and how long they spend with their feet on the ground.
» How they move their ankles, knees and hips.
4. You do not need to catch someone to start looking at how they walk. You can take a video of someone walking. Compare
it to video from a crime scene.

Limitations:

1. Things like what you wear and where you're can change how you walk. For example:

o Wearing boots or flip-flops can change how you walk.
« Walking on ground or up a hill can change how you walk.
« Carrying something can change how you walk.

2. If someone is hurt or sick, it can change how they walk. For example:

« If someone has a muscle strain or a blister, it can change how they walk.
» If someone is drunk or on drugs, it can change how they walk.
« If someone gains weight, it can change how they walk.

3. Looking at how someone walks is not a science. It is not like looking at DNA, where you can say for sure if it is a match.
Looking at how someone walks requires a specialist to say if it is a match or not. Sometimes different specialists can
have opinions, which can cause problems in court.

4. The quality of the video can be a problem. If the video is from an angle or is not clear, it can be hard to look at how
someone walks. If the video is not smooth, it can be hard to see how someone is walking.

Legal Admissibility

For court admissibility, it must clear high legal hurdles like the Daubert standard or similar reliability tests globally. Judges
assess whether the methodology is peer reviewed, has a known error rate, and enjoys general acceptance.

The primary scientific limitation is the lack of a universal standardized database. Human gait varies daily based on mood,
footwear, or minor injuries, making it difficult to establish a strict baseline.

Conclusion

In conclusion, forensic gait analysis has emerged as a vital investigative asset, particularly when traditional biometrics like
facial recognition or fingerprints are unavailable. Its primary strength lies in its resistance to disguise and its efficacy at long
distances on low-resolution footage. However, its forensic weight remains constrained by environmental variables, physical
health fluctuations, and the lack of standardized global reference databases.

Looking forward, the discipline is poised for a significant evolution. As artificial intelligence and deep learning algorithms
integrate into video forensics, the extraction of spatial-temporal parameters will become highly automated and less
subjective. By minimizing human error and establishing more rigorous statistical error rates, gait analysis will likely transition
from a purely corroborative tool into a highly reliable, widely accepted pillar of modern digital forensics.
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CHAPTER 11

How Clothing Becomes Forensic Evidence in Criminal
Trials: What Someone Was Wearing and Why It Matters
to Prosecutors and Defense

By Dopathi Nithin - Originally published on legaldesire.com - https://legaldesire.com/how-clothing-becomes-forensic-evidence-in-criminal-trials-

what-someone-was-wearing-and-why-it-matters-to-prosecutors-and-defense/

Introduction
Clothing as physical evidence.

Suppose that someone spills juice on their shirt. Sometimes a slight stain remains even after washing it many times. Clothes
are like that; they cling to what they touch. That's why clothes matter so much when police are on the job after a crime.

In an adverse incident such as a robbery or attack, the people involved are typically wearing clothes. Those clothes come into
contact with the ground, rub against walls, rub against other people, and are sometimes torn, stained, and dirty. Here lies the
clue, which is all of this. Investigators refer to these clues as “evidence”, and clothing is one of the best sources of evidence.

How may clothing be relevant in criminal investigations?

Consider clothing as an “Unspoken Witness. It can't talk, but it can tell a story: where someone was, what happened to them
and sometimes even who he was with. A ripped sleeve may indicate some fighting. The stain could be blood. A loose thread
that has snagged on a button could be from a different jacket.

Clothing is in close proximity to the perpetrator’s body and tends to hold many clues that no other evidence found at a crime
scene can. That is why police, forensic scientists, lawyers and judges are very interested in what someone was wearing
during or after a crime.

Clothing as Forensic Evidence
What constitutes clothing evidence?

Not all of the clothes found around a crime scene qualify as evidence. The clothing must be related to the crime; for instance,
the clothing could be stained, torn, or even the clothing worn by a witness when he/she saw the perpetrator.

When clothing becomes evidence, it is:

Discovered in or in the vicinity of a crime scene, worn by a victim or suspect during the time of the crime, or bringing evidence,
stains or marks that link it to the incident. When this clothing is identified, it is carefully collected, packaged and taken to a lab
where scientists examine it carefully and learn more from it.

Types of clothing commonly examined: —
Any and all clothing worn by a person can be a piece of evidence, such as:

Shirts, t-shirts, blouses, Pants, jeans, skirts, Jackets, sweaters, Shoes, socks, Gloves, caps, Undergarments, Accessories such
as belts, scarves and ties

All of these may be able to contain various types of clues depending on the part of the body it touched as well as the object it
may have interacted with in the crime.

Clothing Evidence: Evidence types that can be found on clothing.
Blood, other body fluids

One of the most prevalent items to be discovered in clothing while investigating a violent crime is blood. In addition to blood,
clothing can also be contaminated with saliva, sweat, or body fluids. Later, these fluids might be examined to determine which

Forensic Science Study Guide - legaldesire.com 35


https://legaldesire.com/how-clothing-becomes-forensic-evidence-in-criminal-trials-what-someone-was-wearing-and-why-it-matters-to-prosecutors-and-defense/
https://legaldesire.com/how-clothing-becomes-forensic-evidence-in-criminal-trials-what-someone-was-wearing-and-why-it-matters-to-prosecutors-and-defense/

body they came from.
Hair and fibers

When people or objects touch, hair can easily transfer from one surface to another and become embedded in the other. Hair
strands and small bits of fabric can easily be transferred from one surface to another when people or objects touch. A
suspect’s jacket can contact a victim’s sweater, and fibers from the victim's sweater are either embedded in the suspect’s or
the other way around, sometimes so small that they can’t be seen without a microscope.

DNA

All people have DNA, which is a type of “fingerprint” in skin cells, hair roots, sweat and other body fluids. Scientists can
identify a single person’s DNA in microscopic pieces of clothing that have been long after the person has put them away.

Materials present in soil, dust and other trace elements

Shoes and the bottoms of trousers can pick up soil, dust or sand on the ground as they are walked on. This can assist
investigators in determining the location of the person, such as comparing soil from a suspect’s shoe to soil found at only one
crime scene.

Gunshot residue

Upon firing a gun, small particles of gunpowder spray out and may get caught on the shooter’s clothing, particularly the cuffs
and sleeves. The presence of this residue may provide clues to whether a person was near a gun when it was discharged.

Particles of paint, glass and other materials

Tiny paint chips or pieces of broken glass can get lodged in fabric in the event of a vehicle collision, break-in or damaged
property. These particles may sometimes be matched to a particular car or to a broken window.

Biological and chemical stains

In addition to being stained with blood, clothing may also contain traces of chemicals, drugs, or other materials that may be
part of a crime, such as a poison, an accelerant in a fire or a corrosive substance used in an assault.

The interpretation of Clothing Evidence.
How the evidence is interpreted by forensic experts

The first step to finding a stain or a fibre is merely the beginning. It's going to be up to the forensic experts to figure out just
what that finding means. For instance, if someone’s blood was found on another person’s shirt, it does not necessarily mean
that the other person committed a crime, as it may have occurred in a number of ways, including to help an injured person.

Importance of context

Evidence from clothes is almost always used in conjunction with other evidence, such as witness statements, crime scene
photographs, medical reports and so on. A stain or fiber alone rarely tells the entire story, and must be interpreted in
conjunction with all the facts known about the case.

The evidence of clothing limitations
Clothing evidence cannot be perfect. There are a couple of important restrictions:

Fibers or DNA also can be transferred between persons without a crime being committed, for example, by sharing laundry or
by normal daily contact.

Stains and damage may sometimes have multiple causes, and thus various parties have contradictory opinions.

Clothing, if not collected, stored, and handled properly, can be contaminated and render the results unreliable.

Clothing evidence in court

How evidence is presented
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The real garment (or photographs of it) is typically presented to a judge and jury in court. This allows them to see what
investigators discovered and not just be told about it in words.

Expert testimony

Frequently, forensic scientists are brought in as expert witnesses in court. They describe in simple terms the tests that were
performed on the clothes, what the outcomes were, and what this means.

Evidentiary value

Clothing evidence can be very convincing, as it will be something the judge and jury can see, and not like some other evidence
— amore abstract fact. In a courtroom, a blood-stained shirt or ripped jacket can make a big impression.

Reliability and limitations

Courts, meanwhile, are wary of the significance of clothing evidence. Clothing evidence is sometimes dependent on the
interpretation of that evidence, and that interpretation may sometimes vary between experts; therefore, judges and juries are
reminded that clothing evidence is not the sole evidence in the case, but is to be viewed with all other evidence before them.

Case Examples

A missing button: In a famous case in Kolkata in March 1990, a young girl named Hetal Parekh was murdered inside her own
house. The security guard of the building where she lived became the prime suspect. Police discovered a cream-coloured
shirt button with a broken chain in the room where her body was found at the crime scene. A few days later, they did a search
of the man’s home and discovered that there was a missing shirt that had just that kind of button. Along with other evidence
in the case, the husband and the courts saw this small recovery as a big piece of evidence putting the accused on the scene.
The Calcutta High Court and the Supreme Court of India took this as a crucial link in the chain of evidence and convicted the
accused of murder. Dhananjoy Chatterjee vs State of West Bengal, Supreme Court of India)

What investigators/examiners concluded: In this case, it's a single shirt button that becomes one of the most crucial pieces
of evidence in a serious crime. What is often small and insignificant alone can be significant when combined with other
components. However, when the shirt is discovered at a crime scene, and a similar shirt with the corresponding button is
discovered with the accused, it is strong physical evidence linking a person to a location. The courts treated this recovery with
great caution, considering it in conjunction with other evidence in the case, and not independently on its own, as clothing
evidence should be used in a fair investigation.

Conclusion

Clothing plays an important role in the scene investigation of a crime. Clothing is a significant factor in the scene
investigation of a crime.

When it comes to solving a crime, clothing can be one of the most important pieces of evidence available to forensic science.
One stain, thread or rip can tie a person to a location, a fight, another person, even years after a crime is committed.

It is important to handle and interpret the data properly.

The care taken with clothing evidence is as good as the clothing itself. If it is improperly gathered, stored, or analysed, it can
mislead investigators and a court to the wrong answer. That is why forensic scientists carefully follow these step-by-step
procedures, and that is why the courts do not rely solely on the clothing evidence but use it in conjunction with all the other
evidence in the case. A simple piece of clothing can tell the truth when handled properly. If it is not handled carefully, it can
easily cover it.
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